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MINIATURE MICROPHONE WITH BALANCED TERMINATION 
FIELD OF THE INVENTION 

The present Invention relates to the field of miniature microphones. In particular, the 
present invention relates to miniature MEMS microphones with a high dynamic range while 
5 still suitable for low cost mass production. 

BACKGROUND OF THE INVENTION 

Practically all miniature consumer applications such as hearing aids, mobile phones and 
similar require microphone assemblies with still larger dynamic range in combination with 
still smaller size and a low electromagnetic Interference (EMI) sensitivity. Smaller size also 
10 means a reduced power supply voltage which contradicts the demand for larger dynamic 
range. 

US 6,088,463 describes a silicon-based miniature microphone assembly. It is mentioned, 
column 3, lines 36-40, that it is possible to produce an embodiment with a diaphragm 
arranged between two backplates. This may be seen as advantageous in relation to 
15 suppress EMI, however, US 6,088,463 does not teach an Intention of providing a 
microphone assembly with a wide dynamic range, 

DE 34 12 145 Al published In 1985, describes an electret condenser microphone assembly 
suited for replacing a dynamic microphone in a telephone handset. In an embodiment the 
microphone assembly has a differential electret condenser microphone connected to a 
20 differential FET-based preamplifier providing a differential output. 

US 6,088,463 is complicated to produce due to the symmetrical diaphragm structure and it 
does not solve the dynamic range problem. DE 34 12 145 Al provides a balanced output 
signal thus providing a high dynamic range. However, the balanced output requires an 
extra output terminal and thus the solution is unsuitable for miniaturisation In low cost 
25 mass production since extra terminals require space and the manufacturing process 
becomes more complicated and time consuming. 

Therefore, it may be seen as an object of the present invention to provide a miniature 
microphone assembly with an increased dynamic range. The provided microphone 
assembly should be suitable for low cost production. 

30 SUMMARY OF THE INVENTION 

The above mentioned object is complied with by providing a miniature Micro-Electro- 
Mechanical System (MEMS) microphone comprising 
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- a single-ended transducer element adapted to receive Incoming acoustic waves and to 
convert a received Incoming acoustic wave to an unbalanced first electrical signal, and 

- an amplifier adapted to receive the first electrical signal, and to generate a differential 
electrical signal being an amplified version of the first electrical signal, and to provide said 

5 differential electrical signal on a pair of terminals arranged on a substantially plane exterior 
surface part of the miniature MEMS microphone. 

The single-ended transducer element may be mounted on a first surface of a silicon-based 
carrier substrate, wherein a second surface of the silicon-based carrier substrate forms the 
substantially plane exterior surface part. Preferably, the first surface is substantially plane 
10 and substantially parallel to the second surface. 

The amplifier may be mounted on the first surface of the silicon-based carrier substrate, or 
the amplifier may be monolithically integrated with the silicon-based carrier substrate. 

Preferably, the single-ended transducer element is silicon-based, and preferably the 
amplifier is formed on a silicon-based substrate. 

15 The single-ended transducer and the amplifier may be integrated on a silicon-based 
substrate. 

The miniature MEMS microphone may further comprise a housing having an acoustical inlet 
opening aligned with the single-ended transducer element. 

In an embodiment the miniature MEMS microphone comprise a plurality of single-ended 
20 transducer elements adapted to generate unbalanced electrical signals in response to 
incoming acoustic waves, each of the plurality of unbalanced electrical signals being 
received by separate amplifiers adapted to provide differential amplified versions of the 
plurality of unbalanced electrical signals on separate pairs of terminals arranged on the 
substantially plane exterior surface of the miniature MEMS microphone. 

25 Due to the differential principle a 3 dB increase in dynamic range is obtained, and in 
addition the differential output signal is less susceptible to EMI. A conventional single- 
ended transducer element Is advantageous with respect to low cost mass production. The 
MEMS technology provides an easy surface mounting process thus reducing the 
disadvantages that the balanced output signal of the microphone requires an extra output 

30 terminal compared to traditional unbalanced designs. 
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BRIEF DESCRIPTION OF DRAWINGS 

Below, the present invention is described in more details with reference to the 
accompanying figures, wherein 

Fig. 1 shows an electric diagram illustrating the principle of the miniature microphone 
5 according to the invention, and 

Fig. 2 shows an example of the terminal and interconnection layout of an embodiment of 
the miniature MEMS microphone comprising a silicon microphone mounted integrated with 
an ASIC. 

While the invention is susceptible to various modifications and alternative forms, specific 
10 embodiments have been shown by way of example In the drawings and will be described in 
detail herein. It should be understood, however, that the invention is not Intended to be 
limited to the particular forms disclosed. Rather, the invention is to cover all modifications, 
equivalents, and alternatives falling within the spirit and scope of the invention as defined 
by the appended claims. 

15 DETAILED DESCRIPTION OF THE INVENTION 

Fig. 1 shows an electric diagram illustrating the principle of interconnecting and 
terminating a miniature MEMS microphone according to the present invention. The 
microphone comprises a single-ended microphone transducer element and an amplifier 
providing a differential output on terminals OUT+ and OUT-. The single-ended transducer 
element may be a conventional electret condenser microphone or It may be a silicon-based 
condenser microphone. This means that the Internal connections within the microphone 
assembly will not benefit from the balancing principle with respect to with reduced 
susceptibility to electromagnetic Interference (EMI). However, the principle can be applied 
even with a traditional transducer element. Only the preamplifier needs to be adapted for 
providing a differential output. 

Since the MEMS microphone can be produce with very small dimensions it is possible to 
minimise the distance between the transducer element and the amplifier thus the 
minimising the unbalanced signal path therebetween. With respect to low cost mass 
production the single-ended transducer element is advantageous compared to the 
30 complicated process of manufacturing a symmetrical transducer element capable of 
providing a balanced output to the amplifier. 

It should be noted that the electrical connections shown in Fig. 1 are only Interconnections 
relevant with respect to the signal interconnection. Therefore, connections originating from 



APPLICATION/32720US02/S™/MFS/18-03-04 



4 

e.g. bias voltage circuitry of the microphone cartridge and power supply connections of the 
amplifier are not shown in Fig. 1, 

Fig. 2 illustrates an embodiment according to the invention, e.g. a single-ended 
microphone transducer element coupled to a differential amplifier. A miniature MEMS 
5 microphone assembly is shown, from the top of Fig. 2: in bottom view, in side view and in 
top view. The side view of Fig. 2 shows a silicon-based carrier substrate 1 with a silicon- 
based miniature transducer element 2 surface mounted on a first surface 4 of the silicon 
carrier substrate 1. The transducer element cartridge 2 is connected and fixed by solder 
bumps 36,37,38. The carrier substrate 1 is bulk crystalline silicon, and It has one or more 

10 vertical etched feed-through holes 10 with vertical electrical feed-through lines 6,7 
(locations of 6,7 Indicated but lines are not visible in the drawings) connecting solder 
bumps 30,31,32,33 on the first surface 4 with solder bumps or pads 11-16 on a second 
surface 5 of the carrier substrate 1. The solder bumps or pads 11-16 on the second surface 
5 of the carrier substrate 1 are adapted for terminating the miniature MEMS microphone , 

15 e.g. electrically connecting the microphone with external equipment. 

An ASIC 3 comprising a differential amplifier is flip-chip mounted onto the silicon carrier 
substrate 1. The ASIC 3 Is connected and fixed by solder bumps 30-35. An electrical 
interconnection between the transducer element 2 and the amplifier ASIC 3 Is unbalanced 
and It is formed by the connectors 20, 22 on the first surface 4 of the carrier substrate 1. 

20 The connectors 20, 22 are indicated on the top view of Fig. 2: ground (Indicated as GND) 
20, and input (indicated as IN) 22. The connectors 20, 22 electrically connect solder 
bumps 30, 35 on an ASIC part of the carrier substrate 1 and solder bumps 36, 38 on a 
microphone part of the carrier substrate 1, respectively. The solder bumps 30-38 are 
typically formed by metals such as Sn, SnAg, SnAu, or SnPb, but other materials could 

25 also be used. 

The balanced output from the ASIC comprising the preamplifier are seen on the topside 
view of Fig. 2: ground (indicated as GND), first differential output (indicated as OUTl), and 
second differential output (indicated as OUT2). In addition, the topside view indicates the 
power supply terminal (indicated as VDD) on the ASIC. The solder bumps or pads 11-16 

30 serving as external terminals from the microphone assembly are seen on the bottom side 
view of figure 2. These pads 11-16 serve as external contact points for connection with 
external equipment and they are adapted for surface mounting. The pads 11-16 may 
comprise solderable materials, such as a Sn, SnAg, SnAu, SnPb, Au, Pt, Pd, or Cu. On the 
embodiment shown in figure 2 the pads 11-16 have a hexagonal shape, however other 

35 shapes may be used. Three of the pads 13,14,15 are used for ground (Indicated as GND) 
even though only one Is strictly necessary. However, with respect to mounting stability It is 
preferred to have more than a total of four pads 11-16. The three pads 11,12,16 are the 
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two balanced output signals (Indicated as OUTl, and OUT2) and power supply voltage 
(indicated as VDD). 

Due to the surface mounting technique the number of terminals from the miniature 
microphone is not important - neither with respect to the amount of space required nor 
5 with respect to production facility. Production speed will not to a significant degree be 
influenced by the presence of more terminals. Hereby the advantages by balanced 
connections do not suffer from significant disadvantages compared to conventional 
coupling of miniature microphone assemblies. 

Silicon microphones can withstand a high temperature and therefore they are well suited 
10 for surface mounting that will give rise to a high temperature of the components during 
the soldering process Involved. Other types of microphone cartridges that enable surface 
mounting may be used as well. 

The embodiment shown In Fig. 2 may be Implemented using a silicon carrier substrate 1 
with a length of 2.4 mm, a width of 1.35 mm, and a thickness of 0.5 mm. 

15 Several miniature microphone cartridges may be combined on a common carrier substrate 
to form a miniature MEMS microphone array. As described above, each transducer 
elements of the array are preferably connected to its individual amplifier providing 
differential outputs so as to form electrical output signals from each of the transducer 
element. Preferably, all the microphone cartridges forming the array exhibit similar 

20 electro-acoustic characteristics. However, the array may also be formed by groups of 

microphone cartridges with two or more different sets of electro-acoustic characteristics. In 
a preferred embodiment of such an array the miniature microphone transducer elements 
are silicon-based and preferably, as described above, output from the amplifiers are 
balanced while the transducer elements are single-ended. 

25 The general advantages of using a microphone assembly with a balanced output are 
primarily less EMI sensitivity and a better power supply (noise) rejection characteristics 
and other possible interference at the balanced terminals. Furthermore, coupling 
capacitors to an external system may in some cases be omitted, thus reducing cost of use. 
For the ever lowering power supply voltages available within miniature equipment, the 

30 balancing technique also means doubling of the overload margin. Doubling of the 

microphone sensitivity is an alternative also possible. These advantages are especially 
appreciable but not exclusively within telecommunication equipment, such as mobile 
phones, hearing aids or headsets. 
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